China is characterized by a large number of men who are unable to marry, often referred to as "bare branches." In this paper, we define the bare branch family and divide its life cycle into three stages: the unmarried co-resident with both parents, co-resident with a surviving parent, and living alone. As the childbearing age of parents increases, the age of a bare branch at the death of his parents decreases, and the duration of his living alone lengthens. An increase in the mother's childbearing age, holding that of the father constant, shortens the stage of co-residence with both parents, and lengthens the stage of living alone.
Introduction
In the early 1970s, China's government launched the so-called "later, longer, fewer" population policy, aimed at controlling the birth rate and population growth. In 1980, the one-child policy was proposed, and implemented with economic and financial incentives as well as coercive measures, resulting in a dramatic decline in fertility (Short et al. 2000; Nie and Wyman 2005) . With stringent implementation of this policy, together with the widespread availability of ultrasound B machines, China's sex ratio at birth has been rising continuously. In a society with such a strong son preference and the concomitant unfavorable social status of females, when gender and number of children were in conflict, people turned to sex-selective abortion to ensure at least one son. In 2000, the sex ratio at birth in those "1.5 children policy" areas, where a second child was permitted if the first was a girl, was 124.7, namely, 15.7 percentage points higher than that in two-children areas, where it was 109.0-clearly indicating that sex-selective abortion was being practiced (Gu et al. 2007) . A higher than normal sex ratio at birth and excess female child mortality result in a large number of missing females and an imbalance in the sex structure of the total population. For the present and in the future, there are and will be millions of young males who are unable to find brides in China (Tuljapurkar et al. 1995; Poston and Glover 2005; Attané 2006; Li et al. 2006; Jiang et al. 2007 ). Single males who are unable to find brides are termed bare branches (Hudson and den Boer 2004; Jiang and Li 2009) .
Traditionally in China, marriage is the symbol of adulthood and signifies the start of a family, and of the subsequent parent-child relationship. Bare branches cannot establish their own family, so they lack most of the corresponding kinship-marriage ties, and have no direct descendants (Jiang and Li 2009) . China is a family-centered society in which people, especially rural people, rely on family members for daily care and old age support. With the imbalance in the sex ratio, an increasing number of males will be unable to marry, and will live without the support normally provided by wives and children. Without a spouse or offspring, they maintain contact primarily with family members and relatives for emotional and functional support (Mo 2005) . Compared with married men, single men in China are at a disadvantage when it comes to income, assets, and health. Even worse, those who are unable to marry will be less educated and clustered in poorer areas. All these factors increase their need for support (Ebenstein and Sharygin 2009; Das Gupta et al. 2010) . Parents are the most likely people to provide support, and for the convenience of having their parents' instrumental support, bare branches arrange their lives around the health of their parents. If their parents are alive and healthy, they usually co-reside with them. Otherwise they live alone (Wei et al. 2008; Gao 2009 ). In this paper, a bare branch family will refer to the family of one bare branch living with his parents. In this sense, a bare branch family is quite different from traditional families, as the bare branch son lives with his parents for emotional and functional support, and possible economic support as well, and he will not establish his own family and leave his parents' family.
The impact of large numbers of bare branches on social stability has aroused wide concern (Hudson and den Boer 2004; Jiang and Li 2009 ), but little attention has been paid to their families, and even less is known about the length of their co-residence and how long they will live alone. As bare branches live with their parents, from whom they obtain daily care while they are alive and healthy, and live alone after their parents' death, it is important to study the life cycle of such bare branch families and estimate how long they are expected to co-reside with their parents. The division of their life cycle into stages and estimation of the lengths of these stages may not only help us understand characteristics of bare branch individuals and families, but also lay a foundation for further study of this group. In this paper, we first compare traditional nuclear families and bare branch families, and define the life cycle of bare branch families. We divide the life cycle into three stages, and then estimate the length of each stage using simulation methods. Finally, we discuss implications of these results for future policies regarding bare branches.
Life cycle stages of bare branch families
Conventional theories concerning family life cycles focus primarily on traditional nuclear families. Demographic events in such families comprise marriage, childbearing, upbringing of children, children leaving home, and death of spouses (Glick 1977) . But this model cannot be applied to unstable, incomplete, and remarriage families and is not universally applicable to Chinese families, since it does not cover stem families, which accounted for 21.37 percent of all Chinese families in 2000. It also does not include single parent families, which make up 5.52 percent of Chinese families in 2000 (Yu and Liu 2007) . The correlation between family types and culture makes it difficult or even impossible to apply Western life cycle models directly to the Chinese situation. These models must be adjusted to fit the Chinese contexts.
Compared with traditional nuclear families, bare branch families are different in the following respects. First, traditional nuclear families consist of a couple and their children, whereas bare branch families comprise a bare branch and his parents. Second, the traditional family life cycle begins with the formation of a new family, then emotional separation from parents, and marriage, while the life cycle of bare branch families starts from the age at which bare branch status is defined. When the passively unmarried male exceeds the commonly recognized late marriageable age, his family (including himself and his parents) becomes a bare branch family. Third, the study objects for traditional family life cycles are demographic events such as childbearing, upbringing, and children leaving home, but bare branch families do not experience such events. The main events in bare branch families are deaths, which mark the life cycle stages in these families.
In a family-centered society like China, a marriage is never a personal matter, but a major event for the whole family (Mo 2005; Wei et al. 2008) . Parents regard it as their responsibility to make marriage arrangements for their children, and if they cannot fulfill this obligation for one or more of their sons, they feel guilty on behalf of their unmarried son(s). Further, if all their sons are forced to remain single, they feel guilt not only toward these sons but also to their ancestors because they cannot carry on the family lineage (Mo 2005) . In Chinese ideology, parents provide all kinds of support for their children; whether these children are adult or not, children's needs have the highest priority. Bare branches have no kinsmen by affinity and no direct offspring, so they rely heavily on their closest relatives for instrumental and emotional support. Thus, the most convenient way to receive daily care and functional support from parents is to co-reside with them (Jiang and Li 2009) .
There have been some surveys of China's bare branches. Mo (2005) interviewed bare branches' family members in Jilin, Shaanxi, and Henan provinces, but these interviews focused on the behavior of the bare branches. A recent survey of 364 villages in 28 provinces in China focused on security issues . Another qualitative survey emphasized the negative effect of bare branches on family members in terms of family relations and psychological stress (Wei et al. 2008) .
According to in-depth interviews of 22 single men aged 28 and over-carried out in 2007 by the Institute for Population and Development Studies, Xi'an Jiaotong University, in several villages in Henan province in central China-seven bare branches lived alone, nine bare branches co-resided with one parent, three bare branches lived with both parents, and three bare branches lived with other relatives. Among the seven bare branches who lived alone, four bare branches had lost both parents. Another bare branch was a bricklayer aged 55, whose mother did not live with him but with his brother because he migrated for work most of the time. Another was 46 years old, and his father, who was unable to work and needed instrumental support, lived with his brothers and sisters in turn. Only one bare branch had both parents alive, and they lived with his married younger brother. For the nine bare branches who co-resided with only one parent, the other parent had died. The three bare branches living with both had all their siblings married. Among the three living with other relatives, two bare branches had no surviving parent and lived with his brother's family, and another bare branch lived with both of his parents and an older brother who was also a bare branch.
In another survey on population dynamics, household livelihood, and environment change in western China, implemented by the Institute for Population and Development Studies, Xi'an Jiaotong University, in 2008 (Li and Tai 2009; Li et al. 2010a) , 136 households had single sons over 26 years old, of whom 68 lived with both parents, 33 lived with one surviving parent, 18 lived alone, and 17 lived with other relatives.
Thus, most bare branches tend to live with their parents or a surviving parent, or alone. In a bare branch's family, the death of a parent is an important event that exerts a profound effect on family income, consumption, production, livelihood, social network, etc. (Wei et al. 2008; Jiang and Li 2009 ). When both parents are alive, they are usually not too old to work in the fields and provide daily care for their son. Moreover, these parents can obtain outside aid from their social network to help their son. The bare branch is still young, and can support himself, and even his parents, financially. At this stage, parents and bare branches suffer less pressure economically and psychologically. When one parent dies, both the surviving parent and the bare branch himself are aging, the parent can provide less daily care and works less in the fields. Also the bare branch himself will earn less. When both parents die, the bare branch has to rely on himself for daily life and is likely to suffer economic and psychological pressure (Jiang and Li 2009; Li et al. 2010b ). We divide the life cycle of bare branch families into the three stages shown in Table 1 , namely, co-residence with both parents, co-residence with one surviving parent, and living alone. Death is the cut-off point. When a bare branch exceeds a commonly recognized certain late marriageable age, i.e., the age at which he begins to be called a bare branch, usually 27 or 28 years old Jiang and Sánchez Barricarte 213) , the family is labeled as a bare branch family and enters the first stage, where the bare branch co-resides with his parents. As time goes by, one parent dies and the bare branch lives with the surviving parent; this is the second stage. Finally, the surviving parent dies and the bare branch lives alone until he himself dies and the family dissolves. 
Method and data
Ideally we would like to analyze the life cycle stages of bare branches empirically, with survey data on life histories or event histories. Since such data are not available, instead we use a mathematical model and simulate the length of each life cycle stage, based on available Chinese life tables. Myers (1959) used the life table in obtaining the basic formula for calculating the probability of a male losing his spouse, using a discrete age variable. Goldman and Lord (1983) made some improvements on Myers' method, designing functions for measuring widowhood and related indicators with a continuous age variable. Keyfitz and Caswell (2005) introduced life table methods for analyzing not only widowhood and related indicators, but also kinship relationships. In this paper, drawing on the methods of Goldman and Lord (1983) and Keyfitz and Caswell (2005) , we design formulas to measure the length of each stage of bare branch families.
Method
Let l m (t ) and l f (t ) represent the life table probabilities of surviving from birth to exact age t, where superscripts m and f denote male and female, respectively. The corresponding risk of dying at age t is denoted by μ m (t ) and μ f (t ), where μ (t ) = − l ' (t ) / l (t ). A man becomes a bare branch at age x, and if the age gap between the father and the bare branch is k 1 , then when the son becomes a bare branch, the father is x + k 1 years old. Similarly, if the age difference between the mother and the bare branch is k 2 , the mother is x + k 2 years old when the son becomes a bare branch. If the death of a relative affects one's psychological and physical health, it may affect survivorship. But such an effect is very difficult to measure, and, as a result, many studies assume that survivorship is independent of marital status and of losing a relative (Goldman and Lord 1983; Keyfitz and Caswell 2005) . In what follows, we also assume that survivorship is independent of marital status and of losing a relative. The probability P m that a bare branch outlives his father is simply the probability that he survives t years from the age at which he became a bare branch, and that his father dies at exactly t years, summed over all values of t, which can be written as
If the highest age in a given life table is a, then in (1) and (2) w 1 = a − (x + k 1 ). In our calculation, we take the highest age to be 90, so w 1 = 90 − (x + k 1 ). In the same way, the probability that a bare branch eventually outlives his mother is 
We can obtain the cumulative probability distribution function of a bare branch outliving his father in year t since the age at which he became a bare branch:
while the cumulative probability distribution function of a bare branch outliving his mother can be written as 2 0 1 ( , , ) .
Let X t and Y t denote the length of time that a bare branch co-resides with his father and his mother, respectively. Then the time a bare branch co-resides with both parents until one dies is Z 1, t = Min (X t , Y t ), whose cumulative probability distribution function can be written as
The expected value of the time that a bare branch co-resides with both parents can be expressed as
where w = min (w 1 , w 2 ) and (9) ( )
The time that a bare branch co-resides with at least one parent is denoted by Z 2,t , with Z 2, t = Max (X t , Y t ), whose cumulative probability distribution function can be written as
Then the expected length of time a bare branch co-resides with at least one parent is E 2 , with
The expected length of time a bare branch lives with only one parent is
The expected time a bare branch lives alone is denoted by E 4 , which can be written as E 4 = e x s , (15) where e x s is the expectation of life for males aged x, where x is the age at which both parents have died, and is the age at which the third stage begins. There is quite a variety of software which can be applied for the calculation, such as Matlab, Stata, and Excel. In this paper, we used Excel to calculate the data.
Data
Data employed here include life tables and age parameters, such as the starting age of a bare branch x, the corresponding father's age x + k 1 , and mother's age x + k 2 . For life table information, the 2010 census provides the latest data, but up to now only total population size has been released and it will take quite a long time to obtain life tables for 2010 data, so we employ the 2000 census of China. The
2000 census, although generally regarded as successful, still produced unprecedented challenges due to China's rapid socioeconomic transition; the underreporting rate is officially estimated at 1.81 percent (Census Office 2002). By international standards, this rate is acceptable, but is much higher than the 0.06 percent estimated for the 1990 census (Lavely 2001; Walfish 2001) . What complicated the situation was not only underreporting but also overcounting in some age groups. The deaths enumerated in the 2000 census refer to those taking place between November 1, 1999, and October 31, 2000. The data are problematic because of the underreporting of deaths in a retrospective census. Since marital status exerts a profound influence on life expectancy and mortality patterns, we should use life tables for bare branches in the aforementioned formulas. But since life tables for bare branches and bare branch families are not available, we adopt the sex-specific life tables for the rural population developed in Li et al. (2005) . As can be seen above, ages x, x + k 1 and x + k 2 will affect the expected lengths of the three life cycle stages. In China, the legal age for marriage is 22 for males and 20 for females. The mean age at first marriage from the 2000 census is about 25 for males and 23 for females (Guo 2004; Jiang et al. 2007) . No agreement has been reached on the starting age of a bare branch, some studies define 28 or older as the starting age Liu et al. 2012 ). However, for rural males and females, even though they postpone their marriage, they also tend to become engaged at a very young age (at around 20 years old)-especially in recent years as bride price and marriage expenses have increased dramatically (Yan 2005; Zhang 2006 ). In most rural areas, especially in remote underdeveloped areas, people tend to marry early; most married males are married before 26, and the possibility of getting married after 26 is quite low (Wei and Zhang 2011) . If a young male remains single after 25 or 26 years old, his marriage status will be regarded as a very urgent concern for his family (Wei et al. 2008) . Of course, some rural males marry late voluntarily, but they account for a very small fraction of all marriages (Luo 2008) . Here, we define the starting age of a bare branch as 26 years. Since other studies used different definitions, we explore the effect on the three stages of changing this age, say, to 28 and 30.
Gradually China's age at first marriage and childbearing has increased. In 1990 the age at first marriage was 23.83 years for males and 22.04 for females (Guo 2004) . So for bare branches' parents (who married and gave birth before 1990), they should be married and bear at younger ages. We assume that the childbearing age is 24 for the father and 22 for the mother (a spousal age difference of 2 years consistent with most years, see Guo 2004) and investigate the effect of changing this assumption on the life cycle of bare branch families.
Results

Mortality and life cycles
We first investigate the probability that a bare branch loses his father and mother. The starting age of a bare branch is 26 years old, at which time the father is 50 years old (aged 24 at the time of birth of the bare branch) and the mother is 48 years old (aged 22 at childbearing).
Age pattern of losing father and mother
Figure 1 presents age-specific probabilities that a bare branch loses his father and mother. From age 26 to age 57, the age-specific probability of losing his father is higher than that of losing his mother. This age-specific probability remains under 0.01 from age 26 to 31, and under 0.02 from 32 to 39, and then increases, reaching a peak at age 54, after which the probability of losing his father de-clines. The age-specific probability of losing his mother remains under 0.01 from 26 to 37, increases until a peak at the age of 58, and declines thereafter. Worth mentioning is that at the right-hand end of both curves (i.e., when the parents are 90 years old), the data show a rebound because of using the age limit of 90 years in the life table. If the life tables were extended to 105 years, neither curve would rebound (see also Goldman and Lord 1983) . 
Cumulative probabilities of losing father and mother
As shown in Figure 2 , at the bare branch's age of 50, the cumulative probability of losing his father is less than 0.5, while that of losing his mother is less than 0.3. As the bare branch's age increases to 60, the cumulative probability of losing his father reaches 0.80, and that of losing his mother exceeds 0.60. The eventual cumulative probability of losing the father is 0.9 (when the bare branch is 66 years old), and that of losing the mother is 0.81 (when the bare branch is 68 years old). Biologically, females have a survival advantage over males, which we see in Figure 2 , where the cumulative probabilities of a father's death are always higher than those of a mother's. 
Life cycle characteristics of bare branch families
With the age at childbearing for fathers taken as 24 years, and 22 for mothers, and the starting age of a bare branch taken as 26 years old, the stage of co-residence with both parents for bare branch families lasts about 19 years, as shown in Table 2 . During this stage, the father's age changes from 50 to 69 years, and the mother's from 48 to 67. In this period, the support they provide for their bare branch son can be instrumental (such as cooking, washing clothes, and cleaning), emotional, and even financial. When the bare branch is about 45 years old, one parent dies, and the family enters the second stage, namely co-residence with one surviving parent, which lasts about 11 years. At the bare branch's age of 45, his surviving parent is nearly 70 years old, and can offer him only limited instrumental, emotional, and financial support. At about 56, both parents have died and the bare branch lives alone. This final stage lasts about 16 years. During this stage, the bare branch has lost, partly or fully, his working ability either as a migrant worker or on the farm, and receives insufficient income to support himself. He will likely fall into extreme poverty because reliable social security systems do not exist in rural China.
Effect of changes in parameters on the life cycle
Effect of starting age on the three stages Different assumptions on bare branches' starting age will result in differences in the three stages. Table 2 demonstrates the effect on the family life cycle of changing the starting age from 24 to 36 years. Note: Father is 24 and mother is 22 at the bare branch's birth. Table 2 shows that if the starting age of a bare branch is 24 years, then the length of the coresidence with both parents lasts about 21 years, but it declines to about 12 years if the starting age is raised to 36 years. Over the same range of starting ages, the bare branch's age at the end of the first stage and beginning the second stage increases from 44.84 to 48.14 years; this is the bare branch's age when one of his parents dies. The length of co-residence with the one surviving parent then decreases from about 11 to about 9 years. However, change in starting age has little effect on the bare branch's age at entering the third stage. After both parents die, the bare branch is expected to live alone for 16 years.
Therefore, the starting age does not have much effect on the lengths of the life cycle stages. Even if we define the starting age as 36 or older, the first stage decreases by 8.6 years. As the starting age varies from 24 to 36 years, the age at which the second stage is entered increases by around three years and the second stage shortens by two years, while the last stage remains at about 16 years.
Effect of childbearing age on life cycle
The intergenerational age gap has important effects on the probabilities that the spouse or offspring die (Goldman and Lord 1983; Jiang 2006) . The parents' age at the bare branch's birth will also influence the probabilities of the parents' deaths and, hence, the length of the stages of the bare branch family life cycle. Table 3 shows the effect on the bare branch family life cycle of fathers' childbearing age as it ranges from 20 to 34 years. Obviously the father-son age gap has a strong influence on each stage of the bare branch family life cycle. If a bare branch was born to a 20-year-old father and 18-year-old mother, his co-residence with both parents lasts about 22 years, due to the small age gap between the two generations. One of the parents dies when the bare branch is about 48 years old, and the other dies when he is almost 60, after 11 years of co-residence with one parent; hence the third stage, living alone, lasts about 12 years.
As the age at childbearing increases, the length of the first stage decreases, and so does the age of the bare branch at the death of one of his parents and the length of the second stage, while the third stage is extended. If the bare branch is born to a 34-year-old father and a 32-year-old mother, his co-residence with both parents will last only about 12 years, about ten years less than if he had been born when his father was 20 years old and his mother 18. Then his co-residence with one parent will last nine years, over three years less, while he will live alone for 12 years longer.
Effect of age gap between couples on family life cycle
Husbands are usually older than their wives, which some claim to have a biological explanation (Davis 1998) . A study of 29 developing countries confirms this typical marriage pattern (Casterline et al. 1986) , and in China there is often a two to three years age gap between couples (Das Gupta and Li 1999) . This age gap between couples will influence their childbearing age gap and the stages of the family cycle.
In Table 4 , the father's age at which the bare branch is born is held constant at 24, and the family life cycle changes with the childbearing age of the mother. As the mother's childbearing age increases, the first and second stages will be shorter and the third stage longer, but not to a larger extent. 
Conclusions
Females are generally able to marry men of higher socioeconomic status than their own , and men who cannot find a wife tend to be from the lowest socioeconomic strata (Hesketh and Zhu 2006) . With women choosing to migrate in order to make a better marriage, bare branches have become concentrated in poor areas, where they form a bare branch class, which has been reported as "bare branch villages" in the media. As the number of bare branches increases, the issue of bare branch families deserves more attention. In this paper, we define the bare branch family and its three stages. Using the 2000 census life tables, we obtained the following findings.
First, the age-specific probabilities of losing the father and mother vary as the bare branch's age changes. At 60, the cumulative probability of losing his father reaches 0.8, and that of losing his mother exceeds 0.6. The cumulative probability of losing father is always higher than that of losing mother.
Second, keeping the father's and mother's ages at childbearing constant, when the starting age of a bare branch increases, co-residence time with both parents shortens, as does the co-residence time with one parent. But the living alone stage changes little and remains about 16 years.
Third, variation in the parents' ages when the bare branch was born significantly affects the lengths of the three stages of the family life cycle. As these ages increase, the co-residence times with both parents and with one parent become shorter, and the living alone stage is extended. But the effect is much larger on the co-residence time with both parents and the living alone stage than on co-residence with one parent. If the age at childbearing for the father is over 30, the bare branch faces more than 20 years of living alone.
Finally, holding the father's age at birth of the bare branch constant, increasing the mother's age at childbearing shortens the co-residence time with both parents and extends the time of living alone.
Marriage is thought to improve men's health by reducing risky behavior, and because of economies of scale in nutrition and caretaking (Lillard and Panis 1996) . China's Census and the China Household Income Survey (CHIS) indicate that men who fail to marry make less income, have less financial wealth, and have poorer health (Ebenstein and Sharygin 2009) . As long as the bare branch's parents are alive, he can receive daily care from them. However, when one parent dies, and the bare branch himself is in his late 40s, the surviving parent is already in the 70s and obviously needs support from the bare branch while attempting to provide support for the bare branch.
As the marriage squeeze intensifies, an increasing share of males will face enforced bachelorhood and vulnerable old age. The large number of old unmarried males will bring about a crisis in old age support. They will rely heavily on publicly run facilities due to lack of support from children, and will depend more on social services than the married elderly (Wu and Pollard 1998) . This will place a heavy financial burden on government at all levels, and will increase the potential for disaffection and social unrest (Das Gupta et al. 2010) . With socioeconomic development, it is expected that the Chinese government will gradually be able to afford the support for the elderly that is now mainly given by families (Burgess 2002) . Now China's social protection programs are growing quite quickly. In 2009 September, The State Council issued Instructions on Experimental Zones of New Types of Rural Social Old Age Support. This document will accelerate the building of social security systems in rural areas, and should benefit bare branches. Even today, old bare branches are regarded as 'Five Guaranteed' people and receive both material and financial support from local governments in some rural areas (Jiang and Li 2009) . But social security systems will not be extended to all rural areas in the foreseeable future, and the family will be expected to provide the necessary support for quite a long time.
With no support from a spouse or children, and no emotional communication with family members, old bare branches will be trapped in both material and psychological poverty (Zhu 2008) .
In China, the family household is at the center of economic organization and livelihoods. The household economic fortune depends heavily on who resides within it, namely its size and structure. Life course transition and household economy have a strong relationship (Chen and Korinek 2010) . Besides the emotional and functional support for the bare branches, bare branch families may still benefit economically from such co-residence from the perspective of an adaptive family strategy. As empirical studies are few for the moment, it is worthwhile to focus on this aspect in future research.
Since life table data are unavailable for bare branches, we used the life tables for the rural population instead. Since marital status affects health status and life expectation, use of the life table for the rural population rather than specifically for bare branches will affect the accuracy of our estimates. Further, the age limit in the life tables we used is 90 which affects some of our analysis, and in particular distorts the age-specific probabilities of losing the father and mother at extreme old ages. Detailed demographic study of bare branch families is needed to test whether the predictions made here fit those derived from bare branches themselves.
